Background The high costs of health and social care support for stroke survivors, and the development of new service arrangements, have concentrated growing attention on economic issues. However, there are few data on costs and their association with levels of disability.
Background
Stroke has a considerable public health impact. Incidence rates, commonly quoted at 2 per 1000 population, rise steeply from less than 1 per 1000 among people aged under 45, to more than 15 per 1000 among those aged 85 or more 1,2 but can vary widely. 3 Around 80 per cent of people survive the first four weeks following stroke, and 70 per cent survive for a year or more. 1 Prevalence rates exceed 8 per 1000 adults 4 with a similarly marked age gradient 4, 5 suggesting future pressure on services. 6 Disabilities are common and sometimes severe among stroke survivors 5, 7, 8 necessitating assistance from informal caregivers [8] [9] [10] and formal services. Stroke is a difficult test for service responsiveness and collaboration. People use various secondary health services including neurology, physiotherapy and speech therapy as well as primary care and local authority and voluntary social services. Unfortunately, the (in)actions of each agency have an impact on the patient and other agencies both in the short and longer term 11 (providing the rationale for integrating secondary care in stroke units).
In England in 1992-1993 stroke care accounted for 5.5 per cent of in-patient care (£668 million), 7.4 per cent of community health services (£215 million), 1.5 per cent of primary care (£52 million) and 6.2 per cent of (net) adult social services (£332 million) budgets. 12 Other 'macro-based' estimates for the United Kingdom and elsewhere confirm stroke as one of the largest components of health expenditure. 13, 14 However, 'topdown' figures from different agencies cannot show what proportion of people use different services with what intensity or at what cost. 'Bottom-up' studies using individual-level data provide more useful information.
Previous studies have followed up stroke survivors after one year 2, 15 and longer, 10 finding low utilization of community services. Unfortunately, these are local studies. The most complete national population-based data are still provided by the Office of Population Censuses and Surveys (OPCS) disability surveys conducted in the mid-1980s. 16 These surveys were used by Clarke and Opit to estimate prevalence, care needs and service use for stroke survivors. 4 In this paper we build on their work, using the same sample to examine service use, costs and the association between disability and costs. The results are intended to provide a benchmark against which to compare both the potential impacts of new service arrangements resulting from reforms of health and social services, and the findings of more locally based evaluations. [17] [18] [19] 
Methods
The sample OPCS conducted separate national surveys of adults in communal establishments (in 1986 ) and households (in 1985) . The survey methods have been detailed elsewhere. 16 For households, a random sample of 100 000 addresses received an initial 'sift' questionnaire. Eleven thousand people identified as potentially disabled (or their carers) were subsequently interviewed. The second survey sampled one in 13 communal establishments (n = 1408) possibly providing care for disabled people. Of 892 eligible establishments, 595 were randomly selected. In smaller establishments (fewer than 80 residents), one in four residents was sampled; in larger establishments one in 12 residents was sampled. To prevent overlaps with the household survey, residents were selected who had been permanently resident in the establishment or in residential care elsewhere for the past six months or, if resident for less than six months, had no other residence, or were likely to remain in residential care for the foreseeable future.
Following Clarke and Opit, 4 we selected the sub-samples of people for whom stroke was reported as a condition underlying their disability. Where possible, OPCS interviewed disabled people, otherwise proxies were interviewed. In the household sample, 64 per cent of interviews were with the subject, 18 per cent with a proxy, and 18 per cent with both subject and proxy. In communal establishments the percentages were 30 per cent, 52 per cent and 8 per cent, respectively.
Service utilization and costs
The household survey asked questions about the use of inpatient care, out-patient appointments and general practitioner (GP) consultations during the previous year. For other community or domiciliary services used in the past year, multiple-choice questions asked about service use as follows: every day (for costing purposes assumed to be equivalent to 365 times per annum); two or three times per week (120 per annum), once per week (52 per annum), once per month (12 per annum), less than once per month (4 per annum). We defined and costed respite care when a person stayed at a facility (nursing home, hostel, etc.) during the previous year and excluded holidays with family or friends. People were also asked whether they regularly went somewhere for training or social activities, such as day centres and clubs.
Service use data were less detailed in the communal establishments survey. Although there was information about the number of GP consultations, 20 for other services there were data on whether people were service users but not on frequency of use. To provide indicative estimates (for broad comparisons with people in households), we were forced to employ a number of assumptions. 21 Service use questions related to the previous year, or if less than a year, since the person was resident in the establishment. For people resident for less than a year, costs were adjusted accordingly.
Unit cost estimates for services were taken from the Personal Social Services Research Unit (PSSRU) compendium. 22 Where information was not available on the typical workload generated by a visit from a care professional from this source, we assumed domestic visits lasted 20 minutes and took a further 20 minutes for travel and administration. Costs for adaptations and aids were based on a report to the Department of the Environment: we used the median cost discounted by 8 per cent for 10 years. 23 The communal establishments survey collected information on resident fees in private and voluntary establishments, which we used as proxies for the opportunity cost of placement, uprated to 1994-1995 prices using the Personal Social Services pay and prices index. For statutory sector accommodation we had to use average weekly cost estimates as follows: local authority homes (£382); NHS geriatric medicine establishments (£825); NHS elderly mentally ill establishments (£769); and psychiatric hospitals (£707). 22 We included an additional amount to cover personal requisites (toiletries, newspapers, etc.) proxied by the Benefits Agency allowance to people in institutions (£13 per week).
Costs in communal establishments included resources for the building, food and heating, as well as care costs. To allow broad comparisons of costs in households with communal establishments, we used nominal weekly amounts for housing (£42), 24 and other consumption (£88, based on adult retired households). 25 The household survey collected information on informal care only for people receiving help with personal care (bathing, toileting, etc.) (n = 284/518), but not for people helped with household activities (cleaning, shopping, cooking, etc.) (n = 441/518). Furthermore, in addition to these data issues, the valuation of personal effort by carers is problematic. 26 For these reasons, we limited cost estimates to the direct costs of services. However, because informal care is often an important substitute for formal care services, we have presented costs data separately for people living alone and with others, along with basic information on carers' efforts.
Analyses
We examined age, sex, comorbidity, disability and costs for people in both households and communal establishments. To examine the association between disability and costs, we first conducted analyses of variance using five severity groupings for disability (details available from authors). Although the cost distributions were skewed, we analysed untransformed data. 27 To determine the extent to which variations in costs for 386 people in households were associated with disability or other personal characteristics we used multiple regression analyses. In the communal establishments sample, the lack of variation in facility costs and the quality of the service utilization data precluded such analyses. (Independent sector residents' fees were bunched around Income Support reimbursement rates, whereas individual cost data for local authority and NHS placements were unavailable.) The dependent variable was the total cost of services and adaptations. The explanatory variables were: age and sex, whether the person lived alone, underlying long-term illnesses, severity of disability and time since stroke.
The dependent variable was skewed with a long tail to the right. We estimated a multiple regression of the natural logarithm of costs (+ £0.16, to allow for the 2 per cent of the sample who had zero costs) as the dependent variable. The natural logarithmic transformation reduces the skew in the distribution. To allow for any remaining non-normality in the error distribution of the regressions after logarithmic transformation, a non-parametric retransformation (smearing estimate equal to the mean of the exponentiated residuals) 28 was employed.
The survey estimation routines of STATA were used for the analyses to allow for complex survey design.
Results

Demographic characteristics
The surveys included 518 stroke survivors in households (105 living alone), and 563 in communal establishments. People in households were younger than those in communal establishments. Although gender distribution was equal in households, there was a greater proportion of females in communal establishments (Table 1) . For the households sample, we had data on time since stroke: for 60 per cent of people the stroke occurred within the past two years, 85 per cent within the previous 5 years, and only 5 per cent more than 10 years previously.
Reported morbidity and disability
Problems were most commonly experienced in the areas of locomotion, self-care and holding for both the household and communal establishment samples (Table 2) , and additionally in the areas of communication, continence and intellectual functioning for people in communal establishments. Generally disabilities were less prevalent among people living alone in households, compared with those living with others, and disabilities were most prevalent among residents of communal establishments. Comorbidities were common in households, including musculo-skeletal, ear, eye and circulatory problems. For example, 30 per cent of people living alone and 24 per cent of those living with others had hearing problems, and 32 per cent and 21 per cent had musculo-skeletal problems (Table 3) .
Service utilization
GPs were the most commonly utilized service. Eighty-seven per cent of stroke survivors living alone saw their GP (of whom 59 per cent typically were visited at home, mean of 7.3 consultations; 41 per cent visited the surgery, mean of 11.1 consultations). Ninety-two per cent of those living with others saw their GP (56 per cent at home, mean of 9.4 consultations; 44 per cent at the surgery, mean of 8.6 consultations). Twentysix per cent of people living alone had been an in-patient in the previous year (mean 46 days, median 35, for those with an admission). Thirty per cent of those living with others had been an in-patient (mean 41 in-patient days, median 28 days, for those with an admission). (Note that long-term hospital in-patients were included in the communal establishments survey.) Other services used by more than 10 per cent of people in households were: out-patients, district nursing, nursing auxiliary, other nurse (excluding psychiatric and mental handicap nurses), home help, meals on wheels (mainly for those living alone), social worker and day centre (Table 4) .
GPs were seen by 91.4 per cent of people in non-hospital communal establishments. People who had seen their GP had a mean of 8.2 consultations, and 97 per cent of them were typically seen by the GP at the communal establishment.
Costs
Among people living alone, the major contributors to costs were: in-patient care (mean of £27 per week 1994-1995 prices, for full sample) and home help (£30 per week) ( Table 4) . Among people living with others, in-patient hospital care was Dividing the households sample up into five groups based on severity of disability revealed differences in total and component costs ( Table 5 ). The costs of services and adaptations for the highest severity group were significantly greater than for the other severity groups (ANOVA p < 0.01; post-hoc Bonferroni tests p < 0.01); however, there were no significant differences between the other groupings. The variation and skew in costs at each level of disability are noteworthy. There were large proportions of non-users for many services whereas a small number of people used services very intensively.
Although people living in communal establishments used various externally provided services, the largest proportion of costs was for residential placement (Table 6 ). Placement costs for independent sector homes were significantly different between group 3 and 5 (one-way ANOVA p = 0.015, post-hoc Bonferroni test for group 3 versus group 5 p = 0.05). The higher placement costs reflect greater numbers of people in nursing homes (as opposed to residential homes) with nursing homes at that time attracting a higher level of support from supplementary benefit or income support. The percentages in nursing homes were 21 per cent (severity group 2), 35 per cent (group 3), 65 per cent (group 4), 75 per cent (group 5). Service costs did not significantly differ between disability groupings.
Informal care
For the subgroup of patients who received help with personal care tasks, basic information was available on carer inputs. *Number of visits per annum or in-patient days for people using the service. †Average weekly cost for everyone in the sample, not just those using the service. ‡Visits by professional to people in their own household. People may also have come into contact with these professionals during the out-patient or clinic visits. Unfortunately, it is not possible to fully disaggregate this variable.
Regression analyses
Regression analyses for the households sample found three factors to be significantly associated with cost (Table 7) : living alone, severity of disability and a combined measure of severity of disability and time since stroke. For people in households, predicted weekly costs are £80 higher for those living alone compared with those living with others at all levels of disability. Costs are strongly associated with severity of disability (see Fig. 1 ). Greater disability is linked to higher cost in a curvilinear fashion.
People who had their stroke within the previous two years used more resources compared with others whose stroke was less recent, with the gap in resource use widening as disability increased. For example:
at disability score 1, costs were £12 for both recent and other stroke cases; at disability score 10, costs were £55 for recent stroke cases and £38 for others; at disability score 20, costs were £294 for recent stroke cases and £140 for others. Interestingly, age and comorbidities were not associated with higher costs, although for some comorbidities there were insufficient cases for analyses. Resource use was positively associated with individual differences in disability and domestic circumstances. The included regressors 'explained' 19 per cent of the observed cost variations. Other factors not included in our analyses or not covered by the survey (for example, variations in the supply of services) may also be associated with costs. Low 'explanatory' power is commonly found in other models of health services resource use. The result of Ramsey's Reset Test 29 further suggests that the model was not misspecified with biased coefficients as a result of the omission of variables.
Overall costs and balance of care
Examining the association between costs and disability for people in households provides only a partial picture, because at higher disability levels more people were in communal establishments. For example, 98 per cent of severity group 1 were in households compared with 67 per cent of severity group 5. The disability-household residence gradient was particularly marked for people living alone. The proportion of people in either hospital or nursing homes also increased with severity of disability, accounting for 26 per cent of people in severity group 5. Consequently, mean costs are greater at higher disability levels, there being a sixfold difference between severity groups 1 and 5 (Table 8) . However, adjusting costs to include personal consumption and housing costs for people in households (similar to the 'hotel' costs element of care in communal establishments) makes the cost-disability gradient less steep.
Discussion
The results in context
Low use of community services in the year following stroke has also been found in local studies. 2, 15 Cost estimates for the year following stroke in Tunbridge Wells (£83) and London (£58) are lower than our predicted cost for someone resident in a household, with average disability, whose stroke occurred in the previous two years (£91). Comparison is not straightforward, as Wolfe et al. looked at a narrower basket of services (GP, in-patient and out-patient).
2 Their in-patient costs are higher because they probably include some long-term residents. A longer-term follow-up study in London found results comparable with those of the disability survey data, including high rates of comorbidity, continuing low use of community services, a smaller proportion of people at higher disability living alone, and an association between service use and degree of disability and having a carer. 10 For people in independent sector homes we found some evidence that fees were associated with disability. However, fees crudely approximate the costs of care and the maximum social security payments in force at the time of the survey attenuated variation in fees between residents. In communal establishments in general, there was a higher proportion of people in (costly) NHS facilities in the most disabled group. However, identifying fully the association between disability and cost within communal establishments would require research to monitor staff and other resources devoted to individual residents.
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Overall, at higher disability levels, there was a higher proportion of people resident in communal establishments, consistent with evidence that the disabilities associated with stroke increase the risk of admission to institutional care.
4,30
Sensitivity analyses
Our analyses relied on the attachment of single unit costs to the different service utilization data. However, service costs could vary considerably between providers. We conducted limited sensitivity analyses to examine the effects of 50 per cent higher unit costs for two services: home help and hospital in-patient care. Higher home help costs had a relatively small effect on costs for people in households; for example, average weekly costs for people in disability severity group 1 were £45 and £116 in group 5, compared with £42 and £111, respectively, using the initial unit cost. However, the higher home help cost Table 6 Summary of average weekly costs for people with stroke resident in communal establishments (1994) (1995) ; data are weighted to account for non-response, etc.) (severity of disability varies from 1 (least severe) to 5 (most severe)) accentuated the cost differences between people in households living alone and with others (£104 versus £71, compared with £89 versus £68 initially). Similarly, the regression coefficient for living alone also increased from 0.94 to 1.04, whereas the other coefficients for disability were relatively unchanged. The effects of higher hospital in-patient unit costs had a greater effect, particularly at higher disability levels (disability group 1 £50 versus £135 for disability group 5, compared with respective values of £42 and £111 initially). Higher in-patient costs had a relatively greater effect on the coefficient for the interaction between severity of disability and stroke occurring in the past two years (0.043 versus 0.036) compared with the coefficient for severity of disability (0.131 versus 0.130). The effects of the increases in the two unit costs on overall costs for all people with stroke are demonstrated in the last two rows in Table 8 .
Implications
Many people in households were not in contact with specialist NHS services or social services. Furthermore, the service use profiles illustrate the problems of inter-agency working. For example, in households 85/518 people were not in contact with either any secondary NHS service or social service, 173/518 used secondary NHS services but not social services, 48 used social services but not secondary NHS services, and 212/518 used both types of service.
In contrast, the vast majority of people with stroke had seen a GP. As the number of NHS long-stay beds declined, GP workloads have increased as they have found themselves responsible for the medical care of increasing numbers of frail people. 20 This raises questions about, for instance, the appropriate level of service provision, and the promotion of drug and other treatments in primary care. 31 As primary care 392 JOURNAL OF PUBLIC HEALTH MEDICINE Length of time since stroke was computed by subtracting age (years) when the complaint (in this case stroke) first started from the age (years) at time of interview. Thus a value of 1 could represent between 1 day and 729 days assuming two extreme scenarios: first, the interview being on the disabled person's birthday and the stroke occurring the previous day or, second, the stroke occurring on a disabled person's birthday and the interview taking place just one day short of their second subsequent birthday. groups develop, stroke patients will account for significant proportions of their budgets and require clear purchasing strategies. The high GP contact rates provide a good starting point for the targeting of community services. Perhaps the largest challenge will be integrating health and social services structures such as care management at the primary care level. This paper has some straightforward messages for future cost-effectiveness evaluations. Treatments or rehabilitation services that reduce disability are likely to have cost impacts. Evaluations will need to include a broad range of services to capture potentially important cost consequences to all agencies. They also need to be long enough in duration to avoid initial in-patient stays dominating changes in longer-term community costs and to identify costly events such as admission to longterm care. Finally, the partial data available demonstrate the considerable contribution of informal carers and the limitations of examining only direct care costs. Attaching values to carers' personal contributions is difficult, but, at a minimum, comparisons of direct costs should be viewed in the context of basic information on informal care such as the number of people living alone in each treatment group.
Strengths and weaknesses
Our study has a number of drawbacks such as the age of the survey data and the use of unvalidated reports of the presence of stroke, comorbidity and service use. In addition, we have used cross-sectional data to explore what might be seen as a longitudinal question -how services respond to individual needs and circumstances. For example, for people whose stroke occurred many years previously, we can only estimate care costs for the previous year and not all costs since their stroke or how those costs change when disability changes.
On the other hand, the data come from the most recent largescale national population-based surveys of disability covering both households and communal establishments. Service use data for households were comprehensive, and although the data for communal establishments were less detailed, fee data were available for independent sector homes. We were therefore able to construct detailed and person-specific cost estimates. Furthermore, our analyses of the association between costs and disability used a measure of disability with good inter-rater reliability and sensitivity to change, and one that is more comprehensive and less prone to 'floor and ceiling effects' than the Barthel index.
32,33
Post-survey changes
In the period since the surveys there have been policy and practice changes, many prompted by the 1990 NHS and Community Care Act, which inter alia, emphasized reducing the rate of admission to long-term care. Consequently, differences in disability between households and communal establishments may have widened. Contemporaneously, the substitution of nursing and residential home care for people who would previously have been in NHS hospitals probably increased the mean level of dependence in the former. It is difficult to disentangle the various influences, but certainly there was an increase in disability in both residential and nursing homes between 1986 and 1996. 34 Such changes reinforce the need to look at both settings -households and institutions -and cost variations within and between them.
Summary
We have provided a broad picture of the direct costs of care for people with stroke, at different levels of disability, with differing periods since their stroke, living in households and institutional care. These data offer a benchmark for comparing more recent, local information.
